Starting from the cobweb theorem, a model of demand, supply, multilateral trade, and prices was formulated for the softwood lumber and newsprint markets in Canada, the United States (US), and the rest of the world. Parameters were estimated with panel data from multiple years and countries. The model was used to project the effects of US tariffs on softwood lumber and newsprint imports from Canada. To assess the uncertainty of the projections, multiple replications were performed by repeated sampling from the parameters' statistical distributions. The results suggested that the initial shock of the tariffs dampened out and took 3 to 4 years to stabilize. In the long run, other things being equal, a 20.83% US tariff on softwood lumber imports from Canada decreased US imports from Canada by 4.7% to 8.0% and raised the US price by 0.3% to 2.3% and the US production by 0.9% to 1.7%, with 95% probability, while it lowered the Canadian price by 0.7% to 3.0% and Canadian production by 1.1% to 2.4%. A 28.69% US tariff on newsprint imports from Canada decreased US imports from Canada by 3.2% to 7.0% and raised the US price by 1.4% to 3.3% and the US production by 2.9 to 6.3%, while it lowered the Canadian price by 0.8% to 1.9% and the Canadian production by 1.6% to 3.5%.
Introduction
The markets for softwood lumber and newsprint in Canada and the United States (US) are closely connected. Consequently, the recent intent of the US government to heavily tax Canadian imports has received considerable attention. In November of 2017, the U.S. Department of Commerce recommended combined countervailing and antidumping duties averaging 20.83% on softwood lumber shipments to the US (Random Lengths 2017). For newsprint, in March of 2018, the U.S. Department of Commerce imposed preliminary duties that averaged 28.69%, 6.53% in countervailing duties and 22.16% for antidumping (The Canadian Press 2018) .
The objective of this paper was to evaluate the effects on production, consumption, trade, and prices of these proposed US tariffs in both countries and in the rest of the world (ROW). The trade in softwood lumber has been the subject of many disputes and temporary agreements between the two countries, due in part to claims by US producers that the Canadian softwood lumber industry was subsidized by its government through cheap stumpage prices on crown lands (Baek 2011; Devadoss 2006; Zhang 2007) . Consequently, there have been several studies of the "softwood lumber wars" (Wear and Lee 1993; Parajuli et al. 2016; Ochuodho et al. 2016) . In particular, Johnston and Parajuli (2017) examined, among other trade policies, the effects of recent tariff proposals on Canadian softwood lumber imports, finding, for example, that a 26.75% tariff reduces Canada's market share in the US by nearly 5%. The newsprint trade, less controversial in the past, may also be appreciably affected by the proposed high tariffs, with the attendant market disruptions that are discussed in this paper.
softwood lumber (coniferous sawnwood in FAO's terminology) was approximately 321 million m 3 , worth $66.2 × 10 9 at world prices (Table 1) . Of this global output, 17% was produced in the US and 14% was produced in Canada. However, the US consumed 23% of the global production, while Canada consumed only 5%. Correspondingly, the US imported 56% of the 41.4 million m 3 of global softwood lumber exports, while Canada exported 73% of them. Table 2 shows in more detail the trade flows of softwood lumber between Canada, the US, and the ROW. Of the 30.2 million m 3 exported by Canada, approximately half went to the US and half went to the ROW. Furthermore, the US imported 95% of the 8.4 million m 3 exported by the ROW. These data suggest that a study of the relation between the US and Canada, including the effect of a US tariff on Canadian imports, should also consider the ROW. The ROW competes with Canada in supplying the US, and the ROW is an alternative to the US market for Canadian softwood lumber (see also Devadoss et al. (2005) and Johnston and Parajuli (2017) ).
Newsprint
For newsprint, the global production in 2015 was approximately 24.9 million tonnes, worth $12.7 × 10 9 at world prices (Table 1) . Of this, 14% was produced in Canada and 7% was produced in the US. In contrast, the US consumed 13% of the world production, while Canada consumed only 1% of it.
Of the 3.8 million tonnes of world trade, the US imported 52% and the ROW imported 47%, while 87% of world exports came from Canada. As shown in the newsprint direction of trade (Table 2) , 57% of the Canadian total exports of 3.3 million tonnes went to the US. The US also imported and exported smaller amounts to and from the ROW. Nevertheless, as the ROW was a major destination of Canadian exports, it could play a role in determining the ultimate impact of a US tariff on newsprint imports from Canada.
Methods

Model structure
The underlying concept was the cobweb theorem (Ezekiel 1938; Pashigian 2008; Waugh 1964) . In one of its simplest forms, this model sets consumption as a function of lagged price, production equal to consumption, and price as a function of production. An exogenous shock such as a rise in demand leads to dampened fluctuations of quantity and price that with suitable parameters converge to a new equilibrium.
This basic recursive structure was extended here to deal with multilateral trade and to distinguish between domestic and import demand. Specifically, the relation between consumption, production, trade, and prices of a commodity in a particular year, other things being equal, was described by the following general equations:
(1)
C it ϭ ␣ i P i,tϪ1
where subscript i refers to a region and t refers to a time period. Equation 1 expresses the domestic demand: apparent consumption in a region and period (C it ) is a function of the price in the region lagged one period (P i,t-1 ) with a region-dependent elasticity (␤ i ) and a calibration constant (␣ i ) (see below). Similarly, eq. 2 describes the demand for imports of region j from region i as a function of the lagged product price in the export region (P i,t-1 ) augmented by the eventual ad valorem tax rate ( ijt ) of the importing region j on the commodity coming from region i in year t. The parameter ␦ ij is the elasticity with respect to the import price, and ␥ ij is a calibration constant.
Equations 3 and 4 express total imports (I jt ) and exports (X it ) of each region as the sums of imports from different origins or exports to different destinations (T ijt ).
Equation 5 states that production in a region (Q it ) is the sum of domestic consumption and net trade (exports minus imports).
Lastly, according to the inverse supply eq. 6, the price (marginal cost) in a region is a function of the production in the region, with elasticity i and a calibration constant i .
Calibration constants
The calibration constants ␣ i and ␥ ij in eqs. 1 and 2 account for the variables that determined domestic and import demand, respectively, in the base year before the tariff, in addition to the price. Similarly, the constant i in eq. 6 reflects all of the factors that affected the price in the base year, apart from production.
Thus, given a set of elasticities, ␤ i , ␦ ij , and i , and the base year observations C i0 , Q i0 , T ij0 , and P i0 , the calibration constants are such that the equations replicate the base year observations. For example, given eq. 6, the calibration constant i for a particular region is 
The calibration constants ␣ i and ␥ ij in eqs. 1 and 2 assume a market equilibrium in the base year so that P i0 = P i,-1 .
Model replications
In this application, the model is used to project the consequences for all of the variables of introducing an ad valorem tariff ijt beginning in the base year, t = 0, other things being held constant. Each simulation was carried out for a sufficient length of time to ensure convergence to a post-tariff equilibrium.
In view of the uncertainty of the parameters and their potential differences across countries and trade flows, 20 replications were performed, each conditional on a different set of elasticities and attendant calibration constants. Given the mean and standard error (SE) of the elasticities (see below), in each replication, elasticities were drawn randomly from their distribution. For example, an observation of the price elasticity of demand for a product in a particular country was obtained from
where F −1 is the inverse normal cumulative density function, r is a uniformly distributed random number in the [0,1] interval, ␤ is the econometric estimate of the mean elasticity, and s ␤ is its SE.
Average elasticities and standard errors
The average elasticities ␤ , ␦ , and and their SEs were estimated with pooled cross-section and time series data. The data consisted of annual observations from multiple years and countries. The following functional form is used for domestic demand:
where the domestic price (P i,t-1 ) is estimated as the average of the unit value of imports and exports, weighted by the quantity imported and exported, and Y it is the gross domestic product (GDP). Both price and GDP are in constant $US of 2010. is the elasticity with respect to GDP, i is a country-specific fixed effect, and it is a random effect varying by year and country. For the import demand eq. 2, the average price elasticity is estimated with a similar functional form:
where price P i,tϪ1 was the unit value of imports in constant $US of 2010. The functional form for the price eq. 6 is
where ␥ refers to a time trend. Given the panel data, exogenous GDP, and predetermined lagged price, eqs. 8 and 9 were estimated by ordinary least squares with fixed effects (Wooldridge 2006, p. 485) . In view of the endogenous explanatory variable (Q it ) in eq. 11, the parameters were estimated by two-stage least squares (Wooldridge 2006, pp. 526-529) with fixed effects. In the first stage, Y it , year (t), and fixed effects ( i ) were used as instruments to predict production (Q it ), which in the second stage replaced the independent variable Q it in eq. 11.
Data
The data used in estimating the parameters of the domestic and import demand (eqs. 9 and 10) and the price (eq. 11) were panel data of time series pooled across multiple countries (Supplementary data 1 ). The data came from the FAOSTAT Forestry Statistics data base (FAO 2017b) and from the World Development Indicators data base (World Bank 2017). They covered all of the countries and years for which data were available from 1992 to 2014. Apparent annual consumption (C it ) was estimated as production plus imports minus exports. Domestic price (P it ) was approximated by the weighted average of the unit value of imports and exports, import and export quantities serving as weights, deflated to constant (2010) $US, using the US GDP deflator (World Bank 2017). The import price (P it ) was the unit value of imports, also expressed in constant $US. The real gross domestic product (Y it ) in constant $US of 2010 was taken directly from World Bank (2017). Due to missing data, the number of observations varied from 2117 for coniferous sawnwood domestic demand to 3312 for newsprint import demand (Table 3) .
Results
Demand and price equations
The results of estimation of the average demand and supply equations for softwood lumber are in Table 3 . For the domestic demand, the average price elasticity was -0.25 (SE of 0.04). The 1 Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjfr-2018-0153. demand for import was more elastic (-0.38, SE of 0.05). Both demand elasticities were significantly different from zero at least at the 99% confidence level. The elasticity of price with respect to output was 1.11 (SE of 0.50), statistically significant at least at the 95% confidence level.
For newsprint (Table 3) , the price elasticity was practically the same for the domestic demand and the demand for imports, -0.22 with SEs of 0.04 and 0.05, respectively. The elasticity of the price with respect to output was 0.52 (SE of 0.04). All three parameters were statistically significant at least at the 99% confidence level. Figure 1 illustrates how the variables in the model described by eqs. 1-6 adjusted over time in response to a US tariff on Canadian imports of softwood lumber and newsprint. Specifically, Figure 1 shows the path of the price in Canada, the US, and the ROW resulting from a 20.83% tariff on US imports of softwood lumber from Canada and a 28.69% tariff on US imports of newsprint for Canada.
Adjustment dynamics
The data in Fig. 1 were obtained with the average values of the supply, demand, and price elasticities in Table 3 . The initial conditions (t = 0) were as in Tables 1 and 2 , and the tariff rates were ijt = 0.2083 for softwood lumber and ijt = 0.2869 for newsprint for t = 1, 2, … In the first year following the imposition of the tariff, the price of softwood lumber increased in the US while it decreased in Canada. It then fluctuated with damped oscillations and converged to a new price, higher than the pre-tariff price for the US and lower for Canada, in approximately 3 to 4 years. The adjustment was slightly more rapid for the price of newsprint than for that of softwood lumber. For the ROW, the US tariff had hardly any effect on the price level. In accord with this price behavior, damped oscillations and convergence also occurred for the other variables such as production, consumption, imports, and exports. Table 4 summarizes the consequences of the introduction of a 20.83% US tariff on imports of softwood lumber from Canada for production, consumption, imports, exports, and prices in Canada, the US, and the ROW. The results were for 20 replications of the projections, each with a random set of elasticities obtained with equations analog to eq. 8 (with the mean and standard errors in Table 3 ) continued until the variables converged to equilibrium.
Long-term effects of the softwood lumber tariff
The statistics in Table 4 are for the changes between the initial conditions (Tables 1 and 2 ) and the equilibrium after the introduction of the 20.83% US tariff. The average, standard deviation (SD), maximum, and minimum were computed over 20 replications. The 95% lower and upper bounds were equal to the average ± 1.96 SD.
According to these 95% confidence bounds, the main tariff effect was to decrease US imports by 0.7 to 1.2 million m 3 (3.1% to 5.3%). Accordingly, Canadian exports also decreased but by relatively less (2.0% to 3.8%) due to an increase in imports by the ROW of 0.2% to 0.9%. Production in Canada decreased but by somewhat less than exports due mostly to an increase in domestic consumption in accord with a 0.7% to 3.0% lower price.
In contrast, the price in the US was 0.3% to 2.3% higher due to the tariff. This correlated with an increase in US production of 0.5 to 1 million m 3 (0.9% to 1.7%) and a decrease in consumption of 0.1% to 0.6%. The tariff impact in the ROW was generally small, except for the higher imports noted above and the corresponding lower production in accord with a slightly lower price. Table 5 shows more detail on the changes in trade flows due to a 20.83% US tariff on Canadian softwood lumber imports. The main relative change was the decrease of 4.7% to 8% of the Canadian exports to the US. In a partial offset, with a lower price in Canada, Canadian exports to the ROW increased by 0.3% to 1.2%, while US exports to the ROW and Canada decreased by 0.1% to 0.9% in accord with the price increase in the US.
Long-term effects of the newsprint tariff
As shown in Table 6 , a 28.69% US tariff on newsprint imports from Canada affected mostly Canada and the US. The 20 replications with randomly selected parameters showed hardly any change in production, consumption, trade, and price in the ROW. 
ROW price
The largest relative change was in US imports that, according to the 95% confidence bounds, decreased by 60 000 to 130 000 t (3.0% to 6.6%). Accordingly, US production increased by 48 000 to 105 000 t (2.9% to 6.3%) and the US price increased by 1.4% to 3.3%. Symmetrically, the Canadian newsprint exports were 57 000 to 124 000 t (1.7% to 3.8%) lower with the tariff, reducing production by an almost equal amount and the price by 0.8% to 1.9%. The direction of trade results (Table 7) showed that the only economically significant change due to the tariff was the 60 000 to 131 000 t (3.2% to 7.0%) lower exports from Canada to the US.
Summary and conclusion
The objective of this study was to project some of the effects of potential US tariffs on imports of softwood lumber and newsprint from Canada. To this end, we formulated a cobweb-type model of demand, supply, multilateral trade, and price for Canada, the US, and the ROW. The parameters of the model consisted of elasticities of domestic demand and import demand and of price elasticities with respect to production.
The mean and SEs of the parameters were estimated from pooled cross-section and time series data. For softwood lumber, domestic and import demands were inelastic with respect to price, and the domestic price was elastic with respect to production. For newsprint, the domestic and import demands were inelastic with respect to price, and the domestic price was inelastic with respect to production.
To reflect the uncertainty of the model parameters across countries and trade flows, repeated projections were carried out with different parameter sets drawn randomly from their distributions. The model was used to obtain 95% confidence intervals of the effects of combined ad valorem antidumping and countervailing duties of 20.83% on US softwood lumber imports from Canada and of 28.69% on newsprint imports, other things being equal.
The results showed that the production, consumption, trade, and prices responded to the tariff shocks with damped oscillations that stabilized over 3 to 4 years. The main long-run effect was on Canadian exports to the US, which decreased by 4.7% to 8.0% for softwood lumber and by 3.2% to 7% for newsprint. The tariff on newsprint decreased Canada's exports to the US less than the lower tariff on softwood lumber because the elasticity of US import demand was lower for newsprint, with the same SE. Accordingly, production of softwood lumber decreased by 1.1% to 2.4% in Canada while it increased by 0.9% to 1.7% in the US. This in turn raised the price of softwood lumber by 1.4% to 3.3% in the US while lowering it by 0.8% to 1.9% in Canada. To a limited extent, n/a n/a n/a n/a n/a n/a Note: Average, standard deviation (SD), minimum, and maximum were computed over 20 replications, each with parameters selected randomly from their distribution. Lower 95% and Upper 95% = Average ± 1.96 SD; n/a, division by zero. ROW, rest of the world. the effect of the US softwood lumber tariff on Canada was compensated by Canadian exports to the ROW, which increased by 0.3% to 1.2%.
ROW
For newsprint, the Canadian production was 1.6% to 3.5% lower due to the tariff, while the US production was 2.9% to 6.3% higher, and correspondingly, the US price was 1.4% to 3.3% higher while it was 0.8% to 1.9% lower in Canada. The ROW played a negligible role in the market adjustments to the US tariff on newsprint.
The methods used to obtain these results attempted to take into account the uncertainty due to the model parameters. Zhang and Parajuli (2016) also point out the sensitivity of policy impact estimates to data selection in empirical analysis. In particular, the approach in this paper assumed that numerous policy changes such as the repeated softwood lumber agreements between the US and Canada were included in the multicountry residual shocks of eqs. 9-11. Furthermore, there was an added uncertainty stemming from a priori theoretical choices and model structures. Even though the econometric results suggested that the cobweb theorem adopted and extended in this paper, assuming in particular a lagged relation between consumption and price, was consistent with existing data, it is only one among many possible alternative theories.
For example, Johnston and Parajuli (2017) studied the effect of tariff levels on US softwood lumber imports from Canada with comparative statics in an optimization mixed-complementary model taking into account the ROW. Their findings corroborate those in this paper in terms of the direction of the effects, but they differ in magnitude. For instance, a tariff of 20% decreases Canadian exports to the US by approximately 3.5 million m 3 (Johnston and Parajuli 2017, fig. 3 ) compared with the 0.7 to 1.2 million m 3 projected in the present study (Table 5) . Furthermore, since January of 2018, after the tariff was imposed, the framing lumber composite price has increased by 25% per month except for April (Random Lengths 2018) . Although these are short-term changes, due in large part to the shortage of railroad cars during that period (Skerritt 2018) , they are much larger than the long-term projection of the price impact of the tariff alone (0.3% to 2.3%) found in the present study.
These differences illustrate that much remains to be done to fully understand and, especially, quantify the effects of a policy in very complex markets. Meanwhile, decision makers should use the results from these studies with prudence, with some confidence that they give the correct indication of the direction of the effects of policies and a rough approximation of the magnitude, which may still be enough for practical purposes.
